SUMMARY The paper concerns the rare supratentorial, intracerebral or convexity cysts in adults having a wall lined with an epithelium resembling ependyma. The clinicopathological aspects of such cysts are reviewed from 15 published cases and two specimens of the authors which could be examined with the electronmicroscope. These cysts manifest at a median age of 46 years as progressive, space occupying lesions with a fairly rapid clinical course of about one to two years. Twelve of 17 cysts were located in the frontal lobes, most were unequivocally intracerebral and none communicated with the lateral ventricle. Microscopic examination of the cyst wall disclosed some variance in structure, the most common feature being a monolayer of ciliated cells sitting on a very thin collagen membrane. One of the present cases was unique in that the compression by the cyst had caused a shell of infarction in the encompassing tissue. The fine structure of the cysts is described and compared with that of potential host tissues from which such cysts may originate. It is concluded that the cysts arise from displaced segments of the wall of the neural tube which correspond to the sites from which the tela chorioidea forms.
This report attempts to define the clinicopathological features of epithelium-lined supratentorial, intracerebral, or convexity cysts of adults, based on 15 published cases and two observations of our own. Both of the latter could be studied with the electronmicroscope; the only previous electronmicroscopic study of such a cyst was that of Ghatak et al. (1974) . The report also contains a detailed comparison of the fine structure of the cyst wall with that of potential host tissues.
Review
The Table presentsclinical and pathological data on 17 supratentorial epithelial cysts. The vast majority were unequivocally intracerebral, but for some the description is ambiguous and the cysts of Patrick (1971) and case 1 of Jakubiak et al. (1968) were probably primarily extracerebral, invaginating into the hemispheric surface. Median age of the patients was 46 years (range 22 to 74 years). There is a two to one preference for females but sample-size does not suffice to establish this trend. Most patients had a short history extending over one to two years; Accepted 20 September 1976 none had an unbroken progression of symptoms from infancy. Migraine for 35 years, and a period of seizures between the age of 2 and 6 years were the only extended histories, and these were not unquestionably related to the presence of a cyst. Seizures or attacks of unconsciousness are a common presenting symptom being reported for half of the patients. Other manifestations include a progression of localising neurological deficits such as hemiparesis, hemihypaesthesia, hemianopsia, or ataxia, along with changes in memory or personality, confusion, drowsiness, headaches, or mental deterioration. A spaceoccupying process is evident from shifts across the midline, angiographic data, or papilloedema.
Eleven of the cysts were on the left side, six on the right, most commonly (12 cases) in the frontal lobes or frontoparietal; three cysts were central to parietal and only two temporoparietal. All cysts were large, 4 cm or more in diameter, and most occupied much of the thickness of the hemispheric wall. Many cysts had their entire perimeter encompassed by brain tissue; for others an apex was exposed at the hemispheric surface, presenting as a thin opaque membrane liable to rupture upon exposure. The inner surface of the cyst was mostly smooth, uniloculated, bordered by apparently intact white matter. Only one case had R. L. Friede and M. Gazy Yasargil A few notes are in order on the selection ofcases for these statistics: not included were the incidental glioependymal cyst of the olfactory bulb of a 70 year old woman reported by Baillie and Littler (1973) and the 40 year old woman of List and Williams (1961) in whom the first surgery had shown ciliated epithelium, whereas reoperation two years later showed a noncornifying, stratified squamous epithelium and a mucinous cyst content. Furthermore, there are several references to cysts in infants or children having a glious wall lined with ependyma. These cysts behaved like arachnoid cysts, being located within the subarachnoid space and overlying the cerebral surface, such as two of the 12 supratentorial cysts of Aicardi and Bauman (1975) , three of the five chiasmatic cysts of Harrison (1971) and the large interhemispheric cyst in a newborn containing choroid plexus of Loeser and Alvord (1968) . Furthermore, we excluded the considerable number of case reports on infratentoiial glioependymal cysts particularly those of the tentorial hiatus, or the cisterna ambiens, respectively, or those in a retrocerebellar location; a general review of these lesions and their relations to arachnoid cysts was published recently (Friede, 1975 (Fig. 1) . The membrane covering the opening had been removed during surgery and a glioependymal cyst was diagnosed by biopsy. The opening was fringed by normal gyri and led into a large cavity, expanding immediately underneath the hemispheric surface to a size of 7 x 8 x 11 cm and occupying much of the white matter of the frontal lobe (Fig. 1) . The floor of the cavity was formed by a membrane, 1 to 2 mm thick, corresponding to the dorsolateral wall of the frontal horn and pouching into it. There was no communication between cyst and ventricle. The entire perimeter of the cyst, excepting only the edges of the superficial porus and the membrane bordering the ventricle, was encompassed by a layer of softening and necrosis having a fairly uniform thickness of 2-4 mm. At the superficial porus the cortical ribbon could be traced turning inside the cyst cavity where it continued for approximately 10 to 15 mm to become necrotic from there on, being continuous with the necrotic white matter encompassing the cyst.
Microscopic examination of the biopsy specimen (superficial membrane) and of the entire perimeter of the cyst at necropsy gave similar results. The cyst wall was lined by a monolayer oflow cuboidal cells lacking cilia; no goblet cells or mucin were found in any part. The epithelium sat on a thin membrane of connective tissue which was often difficult to distinguish in HE sections, but stained clearly with collagen and reticulum stains (Fig. 2, inset) . Focally short epitheliumlined tufts of glial tissue projected into the cyst cavity. The membrane abutted a zone of organising infarction with early cavitation and numerous macrophages. The outer boundary of the zone of infarction generally paralleled the surface of the cyst, following its perimeter closely. The glial membrane bordering the ventricle had ependyma on glia on its inner side, and a connective tissue membrane with cyst epithelium at the outer.
Electronmicroscopic examination of several portions of the cyst wall was done on formalin-fixed specimens, postfixed in osmium tetroxide in 1 % cacodylate buffer, 0.1 M. Specimens were embedded in Araldite, and sections stained with uranyl acetate and lead nitrate. The cyst membrane showed a monolayer of flattened cells with sparse, widely spaced microvilli of irregular length, none clavate, lacking any surface coating (Fig. 2) (Fig. 3) . The subjacent cell membranes had increased density and electron-dense tonofilaments projected into the cytoplasm, often at a steep angle. Tight junctions (zonula occludens) were not found. The basal cell membranes had scattered pinocytotic vesicles and were bounded by a distinct basement membrane abutting a felt of collagen fibres (Fig. 3) . For an abstract of the history of this 27 year old male see the Table. Only a biopsy specimen was available for light and electronmicroscopic examination. Light microscopic examination disclosed a columnar epithelium with abundant cilia on a nonreactive white matter (Fig. 4) Friede and M. Gazy Yasargil . A., The composition of the cyst wall is particularly important to the surgical pathologist, as a connective tissue membrane covered with either non-ciliated or with ciliated cells resembling ependyma presents him with conflicting observations. The connective tissue cannot be reconciled with normal ventricular wall, nor the profusion of cilia found in some cysts with choroid plexus. Interpretation of these aspects is important for the understanding of the origin of the cysts.
No serious consideration needs to be given to their distinction from porencephaly, being a residual defect of the hemispheric wall caused by an encephaloclastic process that produces a cavity with glial walls, communicating with the ventricle as well as with the subarachnoid space. Porencephalies never act as expanding, space-occupying processes.
As some of the cysts may have originated epi- i4-|---V Ya JO*-
.~J SP > <.,.+ iov cerebral at the convexity, their derivation from arachnoid cysts needs to be considered, with particular attention to the interface between arachnoid and dura membranes; a pouch projecting from this interface may well generate a cyst. Electronmicroscopic studies of this inteiface (Andres, 1967; Waggener & Beggs, 1967; Nabeshima et al., 1975) show that the outermost portion of the arachnoid membrane forms a compact layer, the barrier layer, composed of a sheet of flattened, interdigitating cells #r with many mitochondria; this layer adheres tightly to the innermost cell layer of the dura mater. The cells of the bartier layer are joined by extensive tight junctions and desmosomes; toward the subarachnoid space they are bounded by a basement membrane, and pinocytotic vesicles are found in the adjacent cell membranes. These data, however, pertain to the fine structure of the arachnoid-dura interface in laboratory animals; it is not established that a similar adherence exists in man. Yet, the barrier layer deserves consideration as a potential origin of expanding cysts, and it may, indeed, be more relevant to the pathogenesis of true arachnoid cysts than the commonly assumed developmental mid-planecleavage of this membrane (Starkman et al., 1958) . The arachnoid trabecules are formed of clear cells joined by desmosomes and having fragmentary basement membranes (Lopes and Mair, 1974) ; '4 these trabecules do not appear to be as tightly layered as the arachnoid cells abutting the dura mater. Common to the arachnoid barriei layer and the walls of intracerebral epithelial cysts are a basement membrane and pinocytosis. However, the intracerebral cysts differ from the barrier layer in having extensive zonulae adherentes instead of desmosomes and tight junctions; moreover there are microvilli and cilia. Cilia have been seen in a very small number of arachnoid villus core cells (Shabo and Maxwell, 1968) but the arachnoid barrier layer is typically devoid of any surface differentiations and is tightly attached to a loose layer of flattened duial fibrocytes, the dural border cells, which by their cleavage form the subduial space (Nabeshima et al., 1975 (Rawlinson et al., 1973) . It is unlikely that cysts acting as expanding lesions originate from an outpouching of ependyma-lined ventricular wall. Markers of high molecular weight may pass through the intercellular clefts between ependymal cells (Brightman, 1965) and electrolytes in the CSF equilibrate rapidly with the extracellular compartment of the brain tissue (Friede and Hu, 1971) . Furthermore, the tips of the occipital horns of the lateral ventricles commonly form small cysts having no communication with the body of the ventricle.
There is no record of such a cyst ever enlarging or acting as a space-occupying lesion.
Some features in the fine structure of the cyst implicate the choroid plexus Basement membrane as well as pinocytosis are characteristic of the choroid plexus epithelium of mammals including man (Dohrmann and Bucy, 1970) . The elaboiate system of zonulae adherentes found in the cyst wall is rather similar to the junctions between ependyma cells (Brightman and Palay, 1963) as well as choroid plexus epithelium (Doolin and Birge, 1969) . The tight junctions (zonulae occludentes) seen between ependymal cells were not observed in the cyst wall, perhaps due to the type of preservation of the tissue. Cilia and microvilli abound in ependyma, whereas the choroid plexus of squirrel monkey, cat, and rabbit was found to be completely free of cilia with the scanning electronmicroscope (Weindl and Joynt, 1972) . Nonetheless, sparse cilia were seen in human (Dohrmann and Bucy, 1970) , canine (Dohrmann, 1971) , rabbit (Tennyson and Pappas, 1961) . and cat (Santolaya and Echandia, 1968) chotoid plexus with the transmission microscope. Furthermoie, scanning electronmicroscopic studies of ventricular walls revealed regional variations in the abundance of cilia or microvilli-for example, in the lower part of the third ventricle (Bruni et al., 1972) or near the circumventricular organs (Weindl and Joynt, 1972) . Numerous mitochondria (our case 2) resemble ependyma or plexus, as does the juxtaposition of light and dark cells observed for mouse choroid plexus by Dohrmann (1970) , presumably as an expression of differences in cellular hydration. Even the variance in the cyst lining of cases 1 and 2 may be explained by comparison with the developmental changes of normal choroid plexus epithelium or ependyma (Tennyson and Pappas, 1961, 1962) . These cells may aJieady exhibit zonulae adherentes in the fetal rabbit but they show sparse, rudimentary microvilli, fewer cytoplasmic organelles, particularly fewer mitochondria, and fewei pinocytotic vesicles, reminiscent of the cyst lining in case 1.
One difficult point in the interpretation of the cyst lining is the occurrence of a few cells with secretory granules and an amorphous coating of miciovilli for some cel!s of our case 2. These features were thought to be characteristic of respiratory epithelium in a spinal cyst examined by Hirano et al. (1971) . However, Shuangshoti et al. (1965 Shuangshoti et al. ( , 1966 On the whole, the available evidence indicates much greater similarities between the epithelial cysts and the intraventricular colloid cysts than between the epithelial cysts and arachnoid cysts. Electronmicroscopy of one colloid cyst showed an epithelium with numerous cilia and microvilli, resting on a basement membrane. The cells contained many mitochondria and were apposed to each other by plicated membranes joined by terminal bars (Coxe and Luse, 1964) . The fine structure of another colloid cyst (Landolt-Weber, 1973) showed ciliated, microvillibearing, cylindrical epithelial cells between secretory cells containing vesicles, some filled with electrondense granular material rather similar to that found in a few cells in our case 2.
One has to conclude that the available data do not permit an unequivocal determination of the origin of intracerebral epithelial cysts. However, their location and fine structure is most compatible with the assumption that they originate from such segments of the wall of the neural tube as are equivalent to the tela chorioidea; this would account for all known aspects of the organisation of intracerebral cysts (Fig. 6 ) including the variance in wall structure within a given cyst. This pathogenetic concept, furthermore, permits generalisation, as dislocation of an equivalent segment into the subarachnoid space rather than into the brain substance may account for the development of glioependymal cysts in the cisterna ambiens or the posterior fossa. Such cysts had been attributed to cystic degeneration of subarachnoid glial heterotopias (Alvord and Marcuse, 1962) or to a remnant ofBlake's pouch, an ependymalined diverticulum projecting dorsally from the roof of the fourth ventricle (Gilles and Rockett, 1971 cerebral epithelial cysts, whereas our theory gives a satisfying explanation of glioependymal cysts whether they are localised in the subarachnoid space or are located intracerebrally.
